The main aim of this study is to characterize the different stages in the palaeoenvironmental evolution of the Almenara marsh, Spain, from the early Holocene to the present day. This marsh is one of the most important in Castellón province. Five cores extracted from the marsh underwent sedimentological analysis, micropalaeontological study (foraminifera, ostracods and gastropods) and 14 C dating. The results show that before the maximum transgression of the Mediterranean during the Marine Isotope Stage 1 (5500 cal yr. BP dating in the Almenara marsh), the area was occupied by a brackish marsh (prior to the 8.2 ka event). During the middle Holocene, the regional sea level rise and later stability caused an oligohaline/freshwater marsh with fluctuating water levels to form. This marsh occupied the entire area of today's Almenara marsh at least between 7570 and 2780 cal yr BP. The results may indicate a phase of greater contribution of groundwater inputs (and rainfall/riverine discharge) during the middle Holocene as a response to a climatic phase characterized by higher humidity. Today, the marsh is filled with sediments from natural and anthropic processes related to the agricultural activity carried out throughout the area (except for the central part, which has been reclaimed as wetland). The water of the present-day marsh (like that prior to 8.2 ka event) is brackish, as is indicated by the benthic foraminiferal assemblage; this contrasts with the earlier oligohaline/freshwater marsh determined in the survey cores during the middle Holocene until the time of the Iberian culture.
INTRODUCTION
Marshes and lagoons are highly characteristic morphologies of the western Mediterranean coastline, especially along the eastern coast of Spain. They record complete sedimentary sequences during the recent interglaciar period. For this reason, these coastal systems have been extensively studied. Sedimentological and geomorphological studies performed in the western Mediterranean (Dupré et al. 1988 , Fumanal et al. 1993 , Carmona et al. 2016 ) have allowed a model of palaeoenvironmental evolution from the Pleistocene to the present day to be developed. According to the regional model proposed by these studies, the development of the present marshes occurred during the maximum transgression of the Mediterranean Sea in the mid-Holocene, likely around 6000-5000 yr BP. These studies show that there were three main causes of the palaeoenvironmental changes in these sequences: eustatic variations, climate changes and tectonic movements. The regressive position of the sea level towards the end of the Pleistocene led to the displacement of the alluvial material and the relocation of the river mouth towards areas currently occupied by the sea. In this time, between 18000 BP and the early Holocene, erosive processes predominated (Blázquez and Usera 2010) . After the 8.2 ka event, in line with a process of global warming, the sea level continued to rise to the eustatic maximum (6000-5000 yr BP), about 2 m.a.s.l., as suggested by Pirazzoli (2005) , followed by a gradual fall to the present-day level. When the sea level stabilized, the sediment deposits from rivers formed gravel beach barriers and spits around river mouths (Carmona and Ruiz 2011) , causing the retention of fine sediments (clay and silt) and therefore the sedimentation processes in the river mouths, estuaries and deltas (Anthony et al. 2014 ). In addition, regional changes in climate (i.e. greater aridity and intense rainfall) have affected the rate of sediment reaching the coast, which has risen considerably from 4000 BP to the present (Dupré et al. 1988 , Carrión et al 2010 . The increase or decrease of precipitation affects the flow of the rivers, their transport capacity and competence, and the aquifer reservoir. Finally, though the effect of tectonics was local, it played a decisive part in the relative position of the sea level and therefore in the inland advance of the sea.
Today, a fourth factor is the increasing impact of human activity in recent times. The wetlands in this region were especially affected by human activity during the 19 th and 20 th centuries, when marshes and lagoons were drained in order to gain more agricultural land (Rosselló 1993) . Today, most of these wetlands have been designated as protected areas in an attempt to recover these ecosystems and their rich biodiversity.
These four factors all influenced the geomorphological and palaeoenvironmental changes in western Mediterranean marshes during the Holocene. In this context, the main aim of this paper is to trace the palaeoenvironmental evolution of the Almenara marshland from the early Holocene to the present day, and to assess the role played by climate, sea level oscillations and human activity, especially in more modern times.
To do so, a sediment core (S-8) was obtained in the northern area of the Almenara marsh and correlated with four cores from its southern part (S-1, S-2, S-3, S-4; Blázquez et al. 2017) ; core S-8 records an older facies that is not identified in the southern cores. Therefore, this paper proposes a more complete sequence of the evolution of the study area during the Holocene. The foraminiferal assemblage studied in the palaeoenvironments recorded is compared with the present-day assemblage through the sampling of the Estany de Almenara (Fig. 1) .
STUDY AREA
The study area is the Almenara marsh, located in the southern part of the province of Castellón (Fig.  1A) , on the Mediterranean coast of Spain. This wetland has recently been included in the RAMSAR Convention (the Convention on Wetlands) due to its important biodiversity. Today, the marsh covers 1500 ha. It has been silted due to natural causes and anthropogenic activity, and 70% of the area of the marsh is used for agricultural purposes. The Estany de Almenara, a wetland, currently occupies 20% of this area (Fig. 1B) . It is located in the centre of the marsh and has an average depth of about 7 m. This small wetland is the result of the recent attempts to recover the marsh, funded by regional and national authorities, which have done a great deal to reinstate the area's biodiversity. The inlet is isolated from the marine environment by a system of sluice gates that prevent the direct entry of the sea and thus protect the crops from the seawater.
From the geological and geomorphological point of view, the study area is limited by the reliefs of the Iberian mountain range (NW-SE) that form the Sierra de Espadán and the Sierra Calderona. It is located in a depression that originated during the late Oligocene/ Miocene due to the intersection of orthogonal faults of Iberian orientation with others running NE-SW, which produced a subsiding tectonic depression (Fontboté et al. 1990 ). This depression was filled with alluvial deposits and alluvial piedmonts during the Pliocene and Quaternary (Pérez Cueva 1979) , which are connected to a sandbar-marsh system on the coast (Fig. 1C) .
The wetlands are limited by two rivers, the Palancia to the south and the Belcaire to the north; the ancient alluvial fans of these rivers were the points of support of the barrier. The aquifer of Les Valls directly feeds the Estany de Almenara through the lateral aquifer of the Salto del Caballo (Fullana Montoro 2001) . The systems of alluvial fans and alluvial piedmont slope connect the hillsides and plains that constitute the inner boundary of the marsh (Fig. 1C) , where previous studies have defined several morphogenetic phases, starting in the lower-middle Pleistocene (Mediato 2016) .
MATERIALS AND METHODS
For this study, core S-8 was investigated for sedimentological, palaeontological and chronological parameters. This core was obtained in the north of the current marsh area (Fig. 1C) , 2.2 km from the coast, UTM 30S 741280, 4405980 (WGS84), at 1.6 m altitude above mean sea level. It reached a depth of 10 m and was located in the area of contact between the alluvial fans that descend from the northern relief. The core was systematically sampled every 10 cm. The sedimentological investigation focused on granulometrical analysis (differentiating between the proportion of sand and silt-clays) and the organic matter content (by the calcination method; loss of ignition) and calcium carbonate (with the Bernard calcimeter method; gas-volumetric determination). For the micropalaeontological investigation (i.e. the identification of foraminifera, charophytes, gastropods and ostracods), the samples were dried, weighed, dispersed in some cases (carbonated samples) with the help of sodium hydroxide and washed through a 0.063-mm mesh. They were then floated in a dense liquid (trichloroethylene) to facilitate the recovery of the shells. Microfossil tests were studied using a stereomicroscope. In the samples with enough shells, at least 300 benthic foraminiferal tests were identified. The foraminiferal content was used to assess the diversity (Shannon and Wiener 1949) , evenness, Margalef richness (Magurran 2001 ) and Fisher's alpha (Fisher et al. 1943 ) in order to establish the composition and proportional abundance of the species. Diversity indices were calculated only for samples with more than 50 tests. All calculations were performed with the PAST software package (Hammer et al. 2006) . For the chronological study, one bulk organic sediment sample was 14 C dated using accelerator mass spectrometry (Beta Analytic, Florida, US). This sample was selected for dating because of the high organic matter content. Seven chronostratigraphic units (VII-I) were defined for the S-8 core, and were correlated with four cores: S-1 (UTM 30S 740079, 4402739, WGS84), S-2 (UTM 30S 740122, 4402080, WGS84), S-3 (UTM 30S 740182, 4402068, WGS84) and S-4 (UTM 30S 740710, 4401250, WGS84), which were previously studied using the same methodology (Blázquez et al. 2017, see Fig. 1C for locations) . The authors of the study include chronologies for the upper part of the sequence which were provided by radiometric dating and are displayed in Table 1 .
The present-day samples were collected in February 2013 in the marshland. The main objective was to characterize the present-day marsh from a micropalaeontological point of view. The data obtained were used as reference points for the palaeoenvironmental interpretation of the core samples. Furthermore, an oligohaline marsh environment (0.5-5 ppt) recorded in recent millennia contrasted with the synchronous brackish marsh environments (5-30 ppt) recorded in nearby areas. These findings indicated the need to sample the present-day environment in order to rule out local factors that might reduce the salinity of the water. Two coring transects were selected, the first of them perpendicular to the coastline and consisting of eight sampling points and the second consisting of two sampling points located inside the inlet, an area that connects the sea with the marsh (Fig. 1D ). At these points, bottom samples were taken by direct underwater extraction (by a driver) at a depth of one metre and with a penetration into the sediment of one centimetre. The samples were stored in plastic bottles with 10% formaldehyde to preserve the organic part of the living foraminifera. Two days later, in the laboratory, these samples were washed and sieved and subsequently stained with rose bengal (Walton 1952 ) diluted 1% for one hour. From these samples, 300 foraminiferal tests were picked and identified at species level. We followed the taxonomic classification of Loeblich and Tappan (1987) and Hayward et al. (2017) for generic attributions. During these last steps, stained and unstained shells were analysed separately; living specimens were defined when tests were completely stained with the exception of the last chamber. Several ecological indices were calculated: the Shannon-Wiener H' index (Shannon-Wiener 1949) and Margalef richness (Magurran 2001) .
RESULTS

Benthic foraminifera in the present-day marsh
The Estany de Almenara (Fig. 1D ) was sampled in order to characterize the benthic foraminiferal assemblage in the present-day environment. Preliminary results of this study were presented by Sanjuán and Blázquez (2017) . Samples M1-M8 were located in the interior of the marsh, following the direction of the line shown in Figure 1D , while M9-M10 were collected in the inlet that connects the marsh with the open sea. The marsh samples (M1-M8) were rich in silts and clays (80%) and organic matter, and the samples from the inlet (M9 and M10) had a fine sand content of up to 40% and less than 60% of silty clay.
Surface samples (Table 2 , Fig. 2 ) contained a total of 34 benthic foraminiferal species (ca. 2900 specimens), of which 137 were recognized alive by the time of sampling. The biocenosis thus constitutes 4.7% of the total of individuals studied, a far higher rate than those recorded in similar locations in the Mediterranean (Guillem 2007) . Jennings and Nelson (1992) , in coastal marshes of Oregon, recorded a variability of 3% to 69% in the proportion between live and dead foraminifera. In all, 2584 (89%) of the studied shells were of the Rotaliida order (hyaline shell), representing 23 species. The most frequent (Table 2) were Ammonia tepida (Cushman, 1926) , Paraphysalidia paralica (Guillem and Usera, 2012) , Trichohyalus aguayoi (Bermudez, 1935) and Haynesina germanica (Ehrenberg, 1840), followed by other typical marsh species and species of the Miliolida (porcellaneous shell) and Lituolida orders (microgranular shell): Trochammina inflata (Montagu, 1808), Jadammina macrescens (Brady, 1870), Milio linella eburnea (D'Orbigny, 1839) and Pseudothuram mina limnetis (Scott and Medioli, 1980) . Ammonia tepida is found throughout the marsh. It is the main species from M1 (67%) to M8 (31%), where it coexists with Trichohyalus aguayoi (41%). In M8 and M9 it accounts for 30% of species, but its proportion falls to 7% in M10. Thus, the prevalence of Ammonia tepida falls progressively towards the coastline (M8), where other hyaline and porcellaneous species, with more halophiles and fewer euryhaline species, predominate. According to Murray (2006) , the increase in salinity raises the likelihood of other less euryhaline species appearing in the assemblage. In the inlet, where the diversity of species is generally greater, Ammonia tepida decreases (by approximately 10%-15%) due to the proportional increase of the Miliolida order. Paraphysalidia paralica is the second most frequent species in the samples in the Almenara marsh, with 514 individuals and an overall proportion of 18%. Its highest presence in the study area is recorded in M2 where it represents 95% of the total of individuals. In M1, it represents 17%. Trichohyalus aguayoi is one of the few species present in all samples, with the exception of M10. It represents 7.7% of the total of the shells found and is the third most represented species. In M8, it reaches 41%, in assemblages with Ammonia tepida. In contrast, in the inlet its presence is very low, and it is only recorded in M9. Haynesina germanica increases in more saline environments (Murray 2006) . In the inner part of the marsh, it accounts for only 3% to 5% of the total of species, while its presence in the inlet rises to 7% in M9 and to 21% in M10. Along with Miliolinella eburnea, it is the species with the highest number of individuals in the inlet, and has similar ecological demands. In general, porcellaneous shell species appear more frequently in positions closer to the sea, although always in small numbers. In M7 and M9, isolated increases of agglutinated species are observed (49 individuals in total). Only three species of agglutinated shell foraminifera were classified, the most abundant being Pseudothurammina limnetis (1.6%), followed by Jadammina macrescens (1%) and Trochammina inflata (0.9%).
Holocene sediments
Seven sedimentary units were defined in core S-8, going from unit I at the base to unit VII at the top (Fig.  3A) , based on sedimentological and palaeontological criteria (Fig. 3B, Table 3 , Fig. 4 ). Unit I (samples 47-42), between -10 and -8.3 m, is composed of silty clay with quartz and carbonate sands. Mica, ferric concretions and plant remains are also abundant at this level. The biogenic component is scarce, especially at the base. Towards the top, brackish water ostracods [Cyprideis torosa (Jones, 1850) ] are recorded, as well as bivalves and gastropods and some poorly preserved benthic foraminiferal tests [Ammonia tepida and Cribroelphidium excavatum (Terquem, 1875)]. The mean calcium carbonate content is high (26%) throughout the unit, and the mean organic matter content is 3%. Unit II, between -8.3 and -6.9 m (samples 41-37), is similar to the previous one, although here the biogenic component is very abundant and well preserved: ostracod valves (Cyprideis torosa) and foraminifera [Ammonia tepida (83%), Haynesina ger manica (15%) and Cribroelphidium excavatum (2%)]. Regarding the indices calculated from the foraminifers identified, the average values of each parameter were as follows: Shannon-Wiener diversity 0.5, Margalef richness 0.4, Equity 0.4 and Fisher's alpha 0.5. The mean calcium carbonate content in this unit is 41% and the mean organic matter is 3%; the organic matter percentage is higher at the base of this unit. Unit III, between 6.9 and 5.9 m (samples 35-31), is very rich in calcium carbonate, with sands and gravel of carbonate origin. The biogenic component is also covered by a carbonate film containing ostracods and foraminifera shells [Am monia tepida (80%), Cribroelphidium excavatum (11%) and Haynesina germanica (9%)]. The average values of the indices calculated in the foraminifera studied are the following: 0.6 for the Shannon-Wiener diversity, 0.3 for Margalef richness, 0.5 for Equity and 0.5 for Fisher's alpha. Ferric concretions are abundant. The mean calcium carbonate content in this unit is 82% and the mean organic matter content is higher than 3%.
Unit IV, between -5.9 m and -2.07 m (samples 30-17), is composed of silts and reddish clays with sands, in which quartz, mica, ferric concretions and carbonates predominate. From the biogenic point of view, it is ster- (Fig. 5 ) in order to estimate the sedimentation rates in three of the analysed cores (cores S-1, S-3 and S-8). The model is based on both the radiocarbon ( 14 C) and the amino acid racemization (AAR) ages (Table  1 ). Cores S-1 and S-8 exhibit similar estimated sedimentation rates (0.24 and 0.28 mm yr -1 respectively), whereas these sedimentation rates are somewhat higher in core S-3 (0.37 mm yr -1 on average for the whole core and ~0.71 mm yr -1 for the interval between 7500 and 5000 cal yr BP). Nevertheless, as Figure 5 shows, the core S-8 estimation is based on a single radiocarbon age, and AAR data are uncertain, so inferences about the sedimentation rate should be made with caution.
DISCUSSION
Temporal development of the marsh
The results suggest the existence of the following palaeoenvironments in the units defined in core S-8.
Unit I corresponds to the palustrine level because of the presence of frequent concretions of carbonates and plant remains and the scarcity of fossils (brackish water). The fauna content increases towards the top and is poorly conserved. Unit II indicates a brackish marsh palaeoenvironment; foraminifera are very frequent and are well conserved. The assemblage is formed by Am monia tepida (83%) Haynesina germanica (15%) and Cribroelphidium excavatum (2%); the last of these is more frequent towards the top, while Haynesina ger manica is very abundant at the base of the unit. The sedimentary and palaeontological content described in unit II is also observed in unit III, which shows a percentage of calcium carbonate greater than 80%. Unit III is interpreted as the desiccation of unit II. From the palaeoenvironmental point of view, unit IV is interpreted as an alluvial deposit invading the contemporary marsh. This reddish deposit has no bioclastic content: it is reddish clayey silt and it shows concentrated levels of quartz sand. Finally, units V, VI and VII indicate three stages of an oligohaline or freshwater marsh: a marsh environment at the base (unit V), a marsh with bodies of stable water (unit VI), and the recovery of the marsh environment at the top (unit VII). Ostracods (Darwinula stevensoni, Candona sp.), with articulated valves and good conservation, indicate freshwater/ oligohaline water. 14 C dating indicates an age between 2780 and 2740 cal yr BP for the stable oligohaline or freshwater marsh. Foraminifera are very scarce; the most frequent species is Ammonia tepida and, with the exception of sample 10, does not exceed 10 shells.
The correlation of five cores (S-1, S-2, S-3, S-8, and S-4) suggests that the characteristic palaeoenvironment during the early Holocene was a brackish water marsh (Fig. 6 ), recorded only in S-8 (units I and II), which later dried (unit III) in correlation with S-1, S-2 and S-3 (unit I). According to relative chronology, this marsh must be older than 8.2 ka, given that the overlying level is assigned to the 8.2 ka event. Furthermore, according to the regional model of Holocene evolution (Xàbia and Pego marshes), the first marsh deposits date back to 9000 cal yr BP (Fumanal et al. 1993) , and are on top of fluvial facies (peat), although they are interpreted as brackish lagoon by Brisset et al. (2018) , who noted indicating phases of barrier-lagoon system development due to the stepwise inland migration of the coastline.
The drying episode recorded in three cores (unit I, cores S-1, S-2 and S-3) and through relative chronology is assigned to the middle Holocene (8.2 ka event), a time when the area of study had an irregular morphology, covered by a massive precipitation of carbonates formed by the drying of this brackish marsh. In a marshy environment in depressed areas, the carbonate-rich groundwaters rose to the surface in spite of intermittent desiccation events (Wright and Platt 1995) . This deposit predates 7570 cal yr BP (Table 1) , constitutes the floodable substrate of the sea level rise corresponding to MIS 1, and could be related to the cold and dry 8.2 ka event or to the Younger Dryas episode. This age is confirmed by geoarchaeological information, since an epipalaeolithic site (Gran Estany) sits on this surface (Fig. 6) , dating the carbonate level to before 7000 years BP (Gusi 1978) . According to Gusi (1978) , the pollen analysis in these studies shows that human occupation took place in a rich ecosystem consisting of a marsh environment surrounded by extensive vegetation, mainly comprising cork oaks covering the coastal mountains and the alluvial piedmont slope (Gusi 1978) . Therefore, taking into account the regional model of the first marsh deposit date, the brackish marsh of the early Holocene (units I, II of S-8) and its desiccation seem to be more related to the 8.2 ka event than to the Younger Dryas event. However, radiometric dating is lacking at this level, so these data should be interpreted with caution. Similar time sequences have been found in the Rhone delta at 9800-8200 cal yr BP (Amorosi et al. 2013 ) and in the Adriatic Sea at 9200-7700 cal yr BP (Amorosi et al. 2017) . The area of carbonate deposition is separated from the sea by a barrier whose backshore facies are recorded in unit III of core S-4, located near the coastline . From 7570 cal yr BP until 4820 cal yr BP (3100±780 yr BP AAR) in S-3 and until at least 2780 cal yr BP in S-8 (Table 1) , an oligohaline or freshwater marsh (late Holocene) is recorded, indicating that a freshwater environment prevailed due to the considerable groundwater inputs, rainfall and riverine discharge into the marsh; therefore, the influence of the sea is limited. Facies of oligohaline or freshwater marsh are recognized, although oscillations are reflected in alternating dark, peat-rich sediments, and others showing lighter colours that are rich in biogenic remains and occasionally with rhizotubules and carbonate concretions. Near the coastline (S-4), these facies correspond to a marsh (unit IV) associated with brackish water and foraminifera (Ammonia tepida, Haynesina germanica, Cribroelphidium excavatum and Spirillina sp.). At this point, the maximum flood areas, in the foreshore facies, are detected at 5480 cal yr BP, so the coastline would have been located at least 450 m inland from its present-day position (Rodríguez-Pérez et al. 2018) . In other areas of the Valencian gulf, the maximal inland position of the beach is dated at 7500-7200 cal yr BP Ruiz 2011, Brisset et al. 2018) ; therefore, the relative position of the sea in different areas of the Valencian gulf is highly conditioned by tectonic factors . The beach, which would have comprised pebbles (as it does today) would have been affected by the sedimentation of rhizomes of Posidonia oceanica (Delile, 1813), probably due to constant high-energy marine episodes. From approximately 4820 cal yr BP onwards, a more stable marsh with marine influence is recorded, as indicated by the biofacies found [Ammonia tepida and Cribroelphidium excavatum, mixed with marine foraminifera such as Rosalina globularis D'Orbigny, 1826, Ammonia bec carii (Linné, 1758) and Cibicidoides lobatulus (Walker and Jacob, 1798)]. The marsh dried out in recent times, immediately prior to the current soil formation process, with sediments rich in rhizotubules, lenticular carbonate and gypsum concretions.
The present-day marsh and anthropogenic influence
The predominant foraminiferal assemblage in the Almenara marsh today comprises three orders (Rotaliida, Lituolida and Miliolida) whose presence is determined by the position of the sample in the marsh and by the sediment. In the inner part of the marsh, with silt and clay rich in organic matter, the order Rotaliida predominates (Ammonia tepida, Paraphysalidia paralica, Trichohyalus aguayoi and Haynesina ger manica), while nearer the sea the order Miliolida is the most frequent (Miliolinela eburnea), with silt and clay and sand. The order Lituolida is found both in the interior of marshes (Trochammina inflata) and in the inlet (Pseudothurammina limnetis). Therefore, two types of environment can be observed in the Estany de Almenara: on the one hand (M1-M8), a low-salinity marsh, at some distance from the coastline, rich in organic matter and affected by marine infiltrations; and on the other, a section directly influenced by the sea, located in the inlet (M9-M10) communicating the marsh with the sea; it is characterized by a higher presence of sand (quartz) and a lower percentage of organic matter.
With regard to the ecological index (Fig. 7) , the samples from the interior are less diverse than those collected near the coast. The highest diversity indexes are obtained near the coast (M9-M10). The Shannon- Wiener index is low in the interior samples and above 2 in the inlet samples; the Margalef richness is above 3.5 in the inlet and barely exceeds 2 in samples from the interior of the marsh. The ecological indices of the channel indicate a marine environment (Murray 2006) similar to that of the estuaries and coastal lagoons that are steadily connected to the sea (Diz et al. 2004 ). The lower diversity in the marsh environment is attributed to the high instability of the environment and occasional reproductive explosions of a few species (Murray 1982) .
The values of diversity in the thanatocoenosis (allochthonous tests) are higher in the samples studied than those in the biocenosis (autochthonous tests). This is attributable to the entrance by transport of allochthonous species as to the fact that the thanatocoenosis is formed by the accumulation in time of successive generations of living foraminifera (Murray 1982) . As for the thanatocoenosis, the Shannon-Wiener diversity (<1) is comparable to that of the Torreblanca marsh (Guillem 2007) or the Little Dipper Harbour Marsh, in Canadá (Patterson et al. 2004 ).
The palaeoenvironmental evolution: regional and local factors
Although the Almenara is now an artificial marsh, and the foraminiferal assemblage found may therefore not be representative of the foraminiferal assemblage that would have colonized the natural marsh during the early Holocene, the fossil assemblage of the basal level (unit I, II of core S-8) is quite similar. In both cases the dominant assemblage consists of Ammonia tepida and Haynesina germanica, although in the present-day marsh other species such as Paraphysalidia paralica and Trichohyalus aguayoi are also recorded. Trocham mina inflata is also identified but it is not stained, and so it is not considered an autochthonous test. The assemblage studied in the recovered area (wetland) or Estany de Almenara (Fig. 1D) , (especially in samples M9 and M10, located nearest the coast) is similar to those found in present-day sediments of the estuaries and brackish lagoons. In the estuaries of the Odiel, Piedras and Gaudiana rivers, the most common calcareous species are Ammonia beccarii, Ammonia inflata (Seguenza, 1862) and Ammonia tepida, accompanied in this case by Cribroelphidium vadescens (Cushman and Brönnimann, 1948) and Astrononion stelligerum (D'Orbigny, 1839) (Ruiz et al. 2005) . Ammonia bec carii is the dominant calcareous species in the brackish lagoon of Venice, with Haynesina paucilocula (Cushman, 1944) as secondary taxa (Serandrei Barbero et al. 1999) . Furthermore, this assemblage is also found in Holocene sediments of estuaries and brackish lagoons in the Atlantic and Cantabrian coast (Leorri and Cearreta 2004, Alday et al. 2006) . The Guadalquivir estuary also shows a similar brackish estuarine assemblage dominated by Ammonia tepida with Elphidium translucens Natland, 1938 and Elphidium granosum (D'Orbigny, 1846 ) (Rodríguez-Ramírez et al. 2015 . In Holocene sequences of the western Mediterranean marshes Ammonia tepida, Cribroelphidium excava tum, Trichohyalus aguayoi, Haynesina germanica and Miliolinella eburnea are recorded Usera 2010, Carmona et al. 2016) .
The comparison between the foraminiferal assemblages of the present-day marsh and those recorded in the core sediment record indicates the similarity between the current facies and the marsh palaeoenvironment recorded in the early Holocene (prior to the 8.2 ka event). The predominant species in both cases is Ammonia tepida. This species is stained and its shells are the most frequent in the present-day assemblage in the interior marshland (accounting for more than 65% in samples M1-M6, with the exception of M2) and for more than 70% in the Holocene assemblage (samples 41-31). Haynesina germanica is the other species found (also stained) although in the present-day samples it only appears near the sea, probably due to its greater salinity demand (Murray 2006) . Ammonia tepi da and Haynesina germanica are common in marginal marine environments with highly variable organic matter content. These infaunal euryhaline species tolerate wide variations of salinity and thrive in hyposaline (brackish) coastal lagoons, estuaries, tidal marshes, etc. Temperature does not seem to be an important limiting factor since they are found in both warm and cold environments (Murray 2006) . Additionally, Ammonia spp. are able to resist low oxygen levels and may even be facultative anaerobes (Pawlowski et al. 1995) . In any case, this assemblage reflects higher salinity than in the oligohaline/freshwater environment identified between 7570 cal yr BP and at least 2780 cal yr BP (S1, S2 and S-3 cores; Fig. 4 ), which is characterized by the absence of foraminifera and by the dominance of freshwater/oligohaline species of gastropods and ostracods. The fluctuations in the water level and its oligohaline or freshwater character during the middle Holocene indicate that the modern-day (reclaimed) marsh shows more stable bodies under anthropogenic control for agricultural purposes and also more brackish bodies. The differences in the benthic foraminiferal assemblage may reflect changes in climate during the Holocene. The higher salinity of the marsh in the early Holocene and the present-day marsh may be due to a reduction of the braking action of the aquifer on the saltwater intrusion, probably due to climatic changes (lower rainfall and lower recharge) or anthropogenic activity (overexploitation of aquifers) in the case of the present-day marsh. The lower salinity of the water of the oligohaline marsh may be related to the greater contribution of the Les Valls aquifer, rainfall and surface runoff, which must have occurred above all between 7500-4300 yr BP (Fig. 4) , since the pollen and sedimentary records of the Iberian Peninsula indicate a warm and humid phase (Dupré et al. 1988 , Carrión et al. 2010 . The fluctuations in the water level of the marsh have been associated with cyclic eustatic variations by several authors (Mediato 2016) . Other studies have associated these fluctuations with generalized climatic phenomena (increased precipitation and humidity due to low pressure in the south of Europe) in the Northern Hemisphere , according to the model proposed by other authors for the Mediterranean for the last 7000 years (Zazo et al. 2008 , Amorosi et al. 2017 . Sabatier et al. (2012) also propose the increase in storm activity during Holocene cold events over the North Atlantic and Mediterranean regions, especially at 6300-6100, 5650-5400, 4400-4050 and 3650-3200 cal yr BP, among others. The contemporary alluvial deposit identified in core S-8 (Fig.  4) indicates the importance of the hillside contributions entering the marsh. According to Figure 4 , the alluvial fan (unit IV) is correlated with unit III of cores S1, S2, S3, whose age ranges from 7500 to 4800 cal yr BP. Similar alluvial sediments are recorded in nearby areas (Usera et al. 2006 ). This deposit shows localized levels of sand (Fig. 3A) with quartz, calcite and mica that indicate variations in the energy of the contribution and may be related to the different facies detected in unit III of cores S-1, S-2 and S-3, produced by changes in the water sheet (Fig. 4) . Therefore, in this area, regional and local factors (contributions of the aquifer, rainfall and surface runoff, and tectonics) decisively affected the palaeoenvironmental evolution when the sea level was stable.
Finally, the sedimentary record found in the Almenara marsh is interpreted as a combination of natural filling and human activity favouring erosion in recent times. According to the historical records, the siltation was favoured by human activity such as land reclamation, which was especially effective during the nineteenth century (Rosselló 1993) . The marsh was dried for growing rice and maize, and also for health reasons in order to prevent the infectious diseases associated with wet areas (Obiol 1994) . According to Obiol (1994) , the desiccation of the marsh and agricultural speculation were favoured by the government policy of granting lands and water resources to private firms, and this process of privatization led to the fragmentation of the land and its appropriation by large companies. Today, agricultural uses predominate in the wetland, but the Spanish Ministry of the Rural and Marine Environment has introduced measures to reclaim the central part of the marsh as an area of natural interest, now known as the Estany de Almenara. These measures should enable the area to remain inside the RAMSAR Convention and also to obtain other more powerful forms of official protection. If this is achieved, other new areas in the marsh might be recovered as well.
CONCLUSIONS
From the palaeoenvironmental point of view, units I, II and III of core S-8 represent different stages of a brackish marsh: unit I corresponds to a palustrine medium which reaches its maximum development in marsh facies (unit II) and undergoes desiccation (unit III). In contrast, units V, VI and VII indicate three stages of an oligohaline or freshwater marsh: a marsh environment at the base (unit V), a marsh with bodies of stable water (unit VI) and the recovery of the marsh environment at the top (unit VII).
The succession of palaeoenvironments indicates a brackish marsh during the early Holocene (similar to the present-day marsh) prior to the 8.2 ka event, which desiccated as a result of the cold and dry 8.2 ka event.
The foraminiferal assemblage recorded is much poorer than the current one, although it also reflects the brackish nature of the water. During the Middle and Late Holocene a freshwater or oligohaline marsh was formed with fluctuating levels occupying the entire area, coinciding with a powerful alluvial contribution recorded in core S-8. According to data from cores S1, S-3 and S-8, this oligohaline or freshwater marsh is recorded from 7570 cal yr BP and at least until 2780 cal yr BP. During the last stage, the marsh water level stopped fluctuating and remained stable until more recent times. This palaeoenvironmental phase may be related to a moment of greater entry of groundwater, rainfall and surface runoff to the marsh, probably in response to a climatic episode characterized by higher rainfall.
The present-day benthic foraminiferal assemblage in the Almenara marsh comprises Ammonia tepida, Paraphysalidia paralica, Trichohyalus aguayoi, Haynesina germanica and Trochammina inflata. This assemblage of species indicates a brackish marsh and is similar to the one detected during the early Holocene. The distribution of the species (and orders) depends on their position in the marsh: in the interior the Rotaliida order predominates, while in positions closer to the sea the Miliolida order is the most frequent. The diversity and richness of foraminifera increases progressively towards the coast.
The changes in sea level are responsible for the larger-scale spatial and temporal palaeoenvironmental variations linked with inland migration of the coastline during the Holocene. Nonetheless, over the last 7000 years the climate signal has been a decisive factor in controlling the fluctuation that characterizes the freshwater/oligohaline marsh, since the low salinity seems to indicate isolation from the open sea in both the north and south of the marsh. In this context, the behaviour of the aquifers and the contribution of freshwater of other kinds (surface runoff, rainfall) plays a key role.
The increase in salinity of the present-day marsh may be related to the current climate change (increased drought), which reduces the contribution of the aquifers and, in turn, its braking effect on the salt wedge. As for anthropic activity, the overexploitation of the aquifers also favours the increase in salinity. In the short and medium term, the increase in salinity constitutes a danger for agricultural use in the area.
